Sustained exposure to various psychological stressors can exacerbate neuropsychiatric disorders, including drug addiction. Addiction is a chronic brain disease in which individuals cannot control their need for drugs, despite negative health and social consequences. The brains of addicted individuals are altered and respond very differently to stress than those of individuals who are not addicted. In this Review, we highlight some of the common effects of stress and drugs of abuse throughout the addiction cycle. We also discuss both animal and human studies that suggest treating the stress-related aspects of drug addiction is likely to be an important contributing factor to a long-lasting recovery from this disorder.
Introduction
Drug abuse is among the top 3 health problems in the United States in terms of economic and health care costs. The compulsive use of drugs despite serious negative consequences defines addiction as a mental illness (1) . To date, however, there are very few effective medications to treat this disease. Addiction is not characterized as a single incident, but rather by a series of events initiated by the acute rewarding effects of drugs followed by a transition into chronic drug use ( Figure 1 ). Many addicts experience periods of abstinence, but frequently relapse to chronic drug taking. The cyclical nature of chronic drug use, involving periods of drug abstinence and subsequent relapse, highlights the presence of this disease throughout the lifetime of an individual. Animal research and human imaging studies have identified the brain circuitry mediating the initial rewarding properties of drugs (1); however, the molecular and cellular mechanisms responsible for the development and persistence of the addicted state remain elusive. Although many factors can contribute to initial and continued drug use, exposure to either psychological or physiological stress at any point in the addiction cycle seems to worsen this disease, augmenting all drug-seeking behaviors, including initial drug taking, drug craving, and relapse (2, 3) . This Review details the integration of stress and addiction circuitry and discusses the molecular and cellular changes common to both following exposure to stress or drugs of abuse. In addition, current therapies used to treat addiction, in particular stress-induced relapse, are discussed.
Brain circuitry, stress, and addiction
Mesolimbic dopamine pathway. All drugs of abuse exert their primary rewarding effects on the mesolimbic dopamine reward pathway, which consists of dopamine neurons originating in the ventral tegmental area (VTA) and extending to the nucleus accumbens (NAc) and the prefrontal cortex (PFC) (Figure 2 ) (4). Psychomotor stimulants, such as cocaine, amphetamine, opiates, nicotine, and alcohol, in addition to natural rewards, such as sex and food, cause a release of dopamine in the NAc regardless of their mechanism of action (5) . Several lines of evidence indicate that the mesolimbic dopamine reward pathway is also responsive to stress. First, in animal models, acute exposure to a stressor, such as footshock (6) and tail pinch (7) , produces an increase in dopamine release in the NAc. Second, exposure to either drugs of abuse or stress produces similar alterations in the electrophysiology of neurons in the mesolimbic dopamine reward pathway in animals. Enhanced excitatory synaptic transmission, as evidenced by an increase in glutamate receptor activation, occurs in VTA dopamine neurons following exposure to either stress or any one of several drugs of abuse, including cocaine, nicotine, and alcohol (8) . Finally, both stress and drugs of abuse cause alterations in specialized extensions of neurons called dendrites (9) (10) (11) . Rats subjected to chronic restraint stress exhibit decreases in dendritic branching in the medial PFC (11) . Alterations in dendritic branching are also observed following exposure to addictive drugs, with an increase occurring following exposure to cocaine and amphetamine, whereas reductions in branching occur following exposure to morphine (9, 10) . Together, these findings indicate that stress and drugs of abuse act similarly to affect the neurochemistry, electrophysiology, and morphology of neurons involved in reward pathways.
Molecular changes associated with stress exposure and drug addiction are also similar. Because of the long-lasting nature of addiction, changes in gene expression might be necessary for the development and persistence of this disease. Proteins well situated to effect these long-term changes are regulators of gene transcription. A large body of evidence demonstrates that a member of the leucine zipper family of transcription factors, FosB (in particular, a truncated form of this protein, ΔFosB), accumulates in the NAc following chronic administration of drugs of abuse in rodents (12) . Similarly, chronic stress increases ΔFosB levels in the NAc as well as in the frontal cortex and basolateral amygdala (13) . Another member of this same class of transcription factors, cAMP response element-binding protein (CREB), can also function at the intersection of drug reward and stress response. CREB is regulated by both acute and chronic drug treatment throughout brain reward areas (14, 15) . Various stressors, including shock, repeated immobilization, and forced swim, activate the hypothalamic-pituitary-adrenal (HPA) axis and are associated with increased phosphorylation of CREB in several regions of the brain (16) , including the NAc (17).
In addition, a CREB-related transcription factor, inducible cAMP element repressor, demonstrates parallel mRNA changes in the NAc following either amphetamine administration or exposure to a stressor (18) . Thus, stress and addictive drugs might act through common molecular mechanisms within similar brain circuits to perpetuate the addiction cycle. However, additional research is necessary to determine whether drugs and stress regulate similar target genes downstream of these transcriptional regulators.
The HPA axis. Most physiological stressors exert their effects on the HPA axis, the primary endocrine stress pathway. Corticosterone-releasing factor (CRF) is secreted from a subregion of the hypothalamus known as the paraventricular nucleus of the hypothalamus (PVN) to stimulate the output of adrenocorticotropin hormone (ACTH). Following its release from the anterior pituitary, ACTH subsequently stimulates the secretion of adrenal glucocorticoids - cortisol in humans and corticosterone in animals - into the bloodstream (Figure 2 ). Dysfunction of this peripheral stress circuit contributes to various stress-related neuropsychiatric diseases, including addiction (19) .
Similar to the mesolimbic dopamine pathway, the HPA axis is activated in rodents and nonhuman primates following acute administration of many addictive substances - including cocaine, amphetamine, ethanol, opiates, and nicotine -and causes increased ACTH and corticosterone levels in plasma (20) . Chronic administration of drugs of abuse in the same animal models results in either a sustained increase in HPA axis function, in the case of cocaine and amphetamine, or a reduced effect of the initial activating effects of the drug, in the case of morphine, nicotine, and alcohol (21) (22) (23) (24) . Human studies demonstrate similar perturbations following illicit drug use, with slight differences. As in animal models, acute administration of cocaine (25) , alcohol (26) , and nicotine (27) increases cortisol levels, whereas acute exposure to opiates decreases cortisol levels (28, 29) . Activation of the HPA axis is maintained in cocaine addicts (30), whereas following chronic opiate use, HPA responses are reduced over time (31), a more typical response to repeated exposure to a stressor (32, 33). However, it is unclear whether the irregularities observed in the HPA axis following drug administration indicate a vulnerability to addiction or are the result of prolonged drug exposure.
Extrahypothalamic CRF. In addition to activating the HPA axis, CRF can mediate neurotransmission within the CNS. The placement of CRF and its receptors, CRF receptor 1 (CRFR1) and CRFR2, throughout the limbic system and neocortex suggests a critical role for this peptide in affective disorders, including depression, anxiety, and, more recently, addiction (34). CRF expression is modulated by both acute and chronic drug administration (34) as well as by withdrawal from the addictive drug. Cocaine, morphine, and alcohol tend to increase CRF expression acutely; however, the direction in which CRF expression is altered chronically and following withdrawal from these various drugs depends on both the brain region and drug studied (ref. 34 and Table 1 ). Although smokers often report stress relief as a motivating factor for continued tobacco use, very little information is available detailing the effect of nicotine on these CRF circuits, in particular the effects of both acute and chronic nicotine administration. During nicotine withdrawal, increased activation of CRF-containing cells in the PVN is observed (35), and increased levels of CRF are reported following withdrawal in rats allowed to self administer nicotine (36). The differences in CRF expression between drug classes highlight the distinctive pharmacological and molecular mechanisms throughout the CNS that each drug uses in exerting its addictive properties. Furthermore, the alterations in CRF protein and mRNA observed during the withdrawal period suggest that drug administration causes transcriptional and translational modifications long after the last drug exposure.
Additional brain circuits. Although this Review is focused on the role of stress circuits in the addiction process, it should be noted that these pathways are not isolated in their activity. The central CRF system, the peripheral HPA stress circuits, and the mesolimbic reward pathway are all continuously activated or repressed by complex interactions with other pathways, including the
Figure 1
The cycle of addiction. Following the initial exposure to an addictive substance, acquisition of drug taking occurs, in which infrequent drug taking escalates into chronic drug use. Periods of chronic drug use are followed by intervals of withdrawal. These periods of abstinence from the addictive drug can last days, weeks, months, or years. However, most addicts do not remain drug free and relapse back into drug use, creating a vicious cycle. Stress can exacerbate drug taking throughout this process facilitating initial drug exposure, increasing acquisition of drug taking, and causing a relapse to drug-taking behavior during withdrawal.
Figure 2
Reward and stress pathways in the brain. The mesolimbic dopamine reward pathway (blue) is composed of dopamine cell bodies in the VTA that project to the NAc. The VTA also projects to parts of the PFC and the amygdala (AMY). Central CRF circuitry (yellow) consists of CRFcontaining cell bodies located in the central nucleus of the amygdala, which projects to the BNST. CRF projections from the amygdala also innervate the VTA, thus completing the circuit. The hypothalamic CRF projections are directed to the pituitary gland (PIT) located outside the blood-brain barrier. CRF in the pituitary gland stimulates the endocrine output of the HPA axis (red) including the release of ACTH, which acts on the adrenal gland to stimulate the secretion of cortisol in humans and corticosterone in rodents. A negative feedback system allows for cortisol-mediated regulation of continuous CRF production in the HPA axis.
endogenous opioid and noradrenergic systems (37, 38), both of which are important in mediating stress and drug responses. Furthermore, many brain areas throughout the CNS are altered functionally upon exposure to drugs of abuse. Therefore, the interconnectivity throughout the brain needs to be more fully addressed as we continue to determine the molecular mechanisms underlying addiction and the role that stress plays in this process.
Effect of stress on the addiction cycle
Individuals with stress-related psychiatric disorders, such as anxiety and depression, often engage in some form of drug use. Furthermore, exposure to chronic stressful life events, such as physical or sexual abuse (39), is linked to an increase in nicotine, alcohol, and cocaine usage (40). Recently, a study demonstrated that the greater the physical abuse in childhood (i.e., the longer it lasted), the more likely the subject was to develop drug addiction later in life (41). In addition, stress exposure can increase current drug use and precipitate relapse back to drug-taking behaviors (2, 3) . Although chronic stress can produce changes in weight loss as well autonomic and endocrine outputs, the significance of these alterations on vulnerability to addiction behaviors has not been systematically characterized. However, the correlative observations in humans that stress exposure can affect various stages of the addiction cycle are supported by evidence from animal studies. Furthermore, these animal studies have enhanced our ability to investigate the underlying mechanisms and molecular targets that are involved in the interaction between stress and addiction.
Acquisition of drug taking. Acquisition is defined as the initial, rewarding exposure to a drug of abuse with development into more chronic use. It has long been hypothesized that exposure to a stressful event or situation would increase the rate of acquisition to drug taking. In animal models, exposure to physiological as well as physical stressors, including social isolation, tail pinch, and footshock, can enhance initial amphetamine and cocaine self administration (42-44). Furthermore, repeated exposure to forced swim stress can augment the rewarding properties of cocaine (45) . These studies implicate stress in modulating the initial rewarding effects of addictive drugs.
Corticosterone release via the HPA axis is vital to the acquisition of drug administration. Inhibiting corticosterone release by adrenalectomy or pharmacologic treatment blocks cocaine self administration in rats (46, 47) . Furthermore, corticosterone release following drug administration in rats increases neuronal activity above the critical levels needed for self administration to occur (48) . This additional neuronal activation by the HPA axis is particularly evident at lower doses of cocaine, such that doses not normally rewarding are now readily self administered. These results are consistent with a study that examined corticosterone levels in rats that exhibit different behavioral and endocrine responses to a novel environment (49) . Rats that showed increased locomotor activity and high corticosterone levels upon exposure to a novel environment were termed high responders, whereas low responders exhibited decreased locomotor activity and lower corticosterone levels. Following this initial classification, animals were trained to self-administer cocaine. Low responders did not learn to self administer cocaine, whereas robust self administration was observed in rats assessed as high responders. Interestingly, daily corticosterone administration induced and maintained amphetamine self administration in the low-responding rats, effectively switching their behavior to that of high responders (49) .
The ability of corticosterone to modulate cocaine reward can be mediated by glucocorticoid receptors (GRs) located on neurons throughout the mesolimbic dopamine reward pathway (50) . Adrenalectomized animals exhibit a blunted dopamine response in the NAc following either drug exposure (51) or stress (7). Corticosterone replacement prevents the attenuation of this dopamine response. Furthermore, GR antagonists decrease extracellular dopamine levels in the NAc by 50% (52), similar to the decrease observed following an adrenalectomy (51) . In addition, GR antagonists locally injected into the VTA decrease morphine-induced increases in locomotor activity (52) , indicating that activation of GRs in the VTA can mediate dopamine-dependent behavioral outputs. Interestingly, in mice where the gene encoding the GR was deleted specifically in the CNS, a dose-dependent decrease in motivation to self administer cocaine was observed (53) . These results suggest that the dopamine increase observed in rodents following either drug administration (51) or stress (7) is dependent, at least in part, on the release of corticosterone from the HPA axis and the subsequent activation of GR.
The role of CRF in the acquisition of drug reward has not been thoroughly investigated. CRF protein and mRNA levels are altered following acute administration of many addictive drugs (34). (122) Studies using CRFR1 antagonists demonstrate their involvement in the initial behavioral and biochemical effects of cocaine. For example, pharmacological blockade of CRFR1 inhibits cocaineinduced dopamine release (54) as well as reductions in the rewarding properties of cocaine (54) and locomotor activating effects (54, 55) . These studies point to a role of CRF in modulating the initial effects of addictive drugs, but more studies are needed to fully determine the role of CRF in the development of drug addiction.
Withdrawal. Abnormalities in stress circuitry continue following the cessation of drug taking, in both immediate and long-term withdrawal. Activation of the HPA axis, as evidenced by a marked increase in corticosterone levels, occurs following acute withdrawal from most drugs of abuse both in humans and in animal models (20) . Interestingly, following this initial activation, basal corticosterone and cortisol levels return to normal in humans and rodents, respectively (20) . However, during long-term withdrawal from psychostimulants and opiates, the HPA axis displays an augmented response upon exposure to a stressor. In former cocaine (56) and opiate addicts (57), increased levels of ACTH and cortisol were measured following administration of the chemical stressor metyrapone. Metyrapone blocks the synthesis of cortisol, disrupting the normal negative feedback of cortisol on the hypothalamus and thereby causing activation of the HPA stress pathway (20) . Furthermore, in abstinent cocaine users, hyperresponsiveness to emotional and physical stress, as well an increased drug craving, is observed (58), which is consistent with an altered HPA axis. In rats, during acute withdrawal, corticosterone responses are augmented upon exposure to restraint stress (59) . These data suggest that the stress response can be sensitized by drug exposure and subsequent withdrawal. In contrast, recent evidence has demonstrated an attenuated response to stress during nicotine withdrawal in animals. Corticosterone levels were substantially lower in rats exposed to restraint stress during nicotine withdrawal, although their basal corticosterone levels were similar (60) . Chronic smokers demonstrate increased cortisol secretion (61, 62) , and a reduction in cortisol after smoking cessation has been associated with increased withdrawal severity and relapse (63, 64) . Together, these studies demonstrate alterations in the responsiveness of the HPA axis to a stressor during long-term withdrawal, which might play a role in the ability of stressors to reinstate drug seeking well after the drug is removed.
Alterations in CRF peptide and mRNA levels throughout the CNS are observed following acute withdrawal from several drugs of abuse, including cocaine and opiates, and these alterations vary by brain region as well as the drug administered. Interestingly, increases in CRF mRNA in the PVN correlate with increases in anxiety behaviors during ethanol, cocaine, and morphine withdrawal (65) (66) (67) . In addition, blockade of the CRF system with antagonists or antibodies decreases the anxiety observed in this acute withdrawal phase (65) (66) (67) . CRFR1 antagonists decreased the physical symptoms of morphine withdrawal in dependent rats (67) . Together, these data suggest that the CRF system plays a role in the psychological as well as the physical symptoms of acute withdrawal from addictive drugs. However, the role of CRF or stress circuitry in long-term withdrawal has yet to be elucidated.
Reinstatement of drug seeking. Many theories of addiction hypothesize that stress is one of the primary causes of relapse in human addicts (2, 3) . Using animal models, several laboratories have demonstrated that exposure to an acute stressor can effectively reinstate drug seeking of various drugs, including opiates, psychostimulants, alcohol, and nicotine (68) (69) (70) (71) . Stress facilitates relapse by activating central CRF brain circuits. Animals that have been trained to self administer drug and then have the drug removed reinitiate lever pressing following an intracerebroventricular CRF injection (72) . A distinct circuitry involving CRF in the extended amygdala, an important structure for emotional and effective behavior, has been delineated in mediating stressinduced relapse. Structures comprising the extended amygdala overlap with those of the reward pathway, including the central nucleus of the amygdala, bed nucleus of the stria terminalis (BNST), and parts of the NAc (Figure 2) (73) . The significance of this pathway in the addiction cycle is evident primarily in relapse or reinstatement. Inactivation of the CRF projection from the central amygdala to the BNST blocks stress-induced (e.g., by footshock) cocaine reinstatement (74, 75) , and local injections of D-Phe, a nonspecific CRF receptor antagonist, into the BNST, but not the amygdala, attenuates footshock-induced reinstatement (75) . Specifically, CRFR1s localized in the BNST, but not the amygdala or NAc, mediate stress-induced relapse into drug seeking (68) . Interestingly, selective CRFR1 antagonists attenuate footshock-induced reinstatement of cocaine or opiate seeking (68, 76) but have no effect on drug-induced reinstatement (72, 77) . These data demonstrate that stress stimulation of the CRF-containing pathway, originating in the amygdala and extending into the BNST, and subsequent activation of CRFR1 localized in the BNST, triggers drug seeking in previously addicted animals.
Recently, CRF has been detected in the VTA, the site of origin of the dopamine neurons of the reward pathway (78) . In both cocaine-naive and cocaine-experienced rats, CRF is released into the VTA following an acute footshock; however, the source of this CRF is not known (78) . In cocaine-experienced animals, glutamate and dopamine are released in the VTA in conjunction with CRF in response to a stressor. This release of glutamate and dopamine is dependent upon CRF and subsequent activation of its receptors, as local injections of CRF antagonists into the VTA attenuated the release of these 2 neurotransmitters (78, 79) . In addition, administration of CRFR2 antagonists, but not CRFR1 antagonists, locally into the VTA blocked the ability of footshock to reinstate cocaine seeking in a self-administration paradigm (79) . Taken together, these studies suggest a role for CRF in modulating dopamine cell activity, specifically following drug experience.
Although studies have clearly demonstrated a role for CRF in reinstatement of stress-induced drug seeking, very few have examined whether other molecular mechanisms are important in stress-induced reinstatement. The transcription factor CREB, implicated in both stress and addiction, was recently shown to be involved in stress-induced reinstatement. CREB-deficient mice do not exhibit stress-induced reinstatement of cocaine-conditioned place preference (70) . However, these mice do exhibit reinstatement of drug seeking to a priming dose of cocaine (70) . This deficit in stress- and not drug-induced reinstatement indicates a specific requirement for CREB in stress-induced behavioral responses to drugs of abuse. Of interest, a putative CREB target gene, brainderived neurotrophic factor (BDNF), localized in the VTA and the NAc of the mesolimbic dopamine reward pathway, was increased following withdrawal from chronic cocaine (80) . The increase in BDNF in these brain areas positively correlated with the response of the rats to drug-associated cues (80) , and more recent studies demonstrate that BDNF might facilitate relapse to drug-seeking behavior (81) . Additional experiments detailing the molecular mechanisms of stress-induced reinstatement are needed to fully understand this complex process.
Therapies
Both animal and human studies have clearly demonstrated a role for stress throughout the addiction process. Addicts describe stress as one of the key reasons for continuing drug use or relapsing back into drug taking following a period of abstinence. Therefore, minimizing the effect of stress throughout the addiction cycle, particularly during the withdrawal period, is essential in the treatment of addiction. However, current treatments for addiction are inadequate, as about half of all addicts relapse back into drug taking. Despite the high levels of relapse, several classes of drug therapies are showing promise in treating some aspects of addiction. Although some of these treatments target the stress and addiction circuits, such as the extrahypothalamic CRF circuits discussed above, others have taken a novel approach in their treatment mechanisms, targeting secondary systems that might modulate stress and addiction pathways.
CRFR1 antagonists. As animal models have clearly demonstrated, CRFR1 antagonists are effective in attenuating stress-induced relapse to drug taking (76, (82) (83) (84) . CP-154,526, a CRFR1 nonpeptide antagonist, attenuates stress-induced relapse to drug seeking in rats (77) . Antalarmin, MJL-1-109-2, and R121919, all CRFR1 nonpeptide antagonists, decrease ethanol self administration in ethanol-dependent rats, with no effect on ethanol intake in nondependent rats (85) . Furthermore, antalarmin has been shown to decrease ACTH and corticosterone levels in nonhuman primates in addition to decreasing behavioral anxiety scores (86) . Together these data suggest that CRFR1 might be an effective therapeutic target for medications to treat drug addiction. However, in the human population, progress toward applying compounds that target this receptor to the treatment of addiction has been slow. Currently, antalarmin is in phase I and phase II clinical trials for the treatment of anxiety and depression, although no results from these studies have been made public (87) . In addition, R121919 has been shown in an open-label clinical trial to be effective in reducing depression and anxiety-like symptoms in humans (88, 89) , and more recently, the high-affinity CRFR1 antagonist NB1-34041 has demonstrated efficacy in attenuating an elevated stress response both in animals and in humans, but no studies have evaluated the therapeutic value of these compounds in treating the drug-addicted population (90) .
Varenicline. Nicotine is believed to be the primary factor responsible for the addictive properties of tobacco use. Nicotine acts on α4β2 receptors, which are involved in the rewarding aspects of this drug, specifically through the release of dopamine in the NAc (91) . Therefore, a partial agonist of this receptor, by blocking the binding of the receptor, might ease withdrawal symptoms. Varenicline, an α4β2 acetylcholine nicotinic receptor partial agonist, has shown promise in nicotine addiction. As reported in several clinical trials, the rates of continuous abstinence from smoking are higher in those patients given varenicline compared with placebo (92, 93) . Reduced craving and withdrawal symptoms were also observed (92, 94) . In animal studies, varenicline reduces nicotine self administration (95) , and more recently, rats showed decreased ethanol consumption following acute and chronic varenicline administration (96) . As these studies show, varenicline is an effective treatment option for smoking cessation. However, no studies have specifically examined this drug during reinstatement in animal models.
Antidepressants. Based on the potential role of CRFR1 antagonists in treating depression, and given that stress can precipitate both depression and addiction, other antidepressant medications have been evaluated over the years for efficacy in treating drug abuse. Bupropion, an atypical antidepressant, has shown significant promise in the treatment of nicotine dependence (97) . Bupropion's efficacy in smoking cessation was observed anecdotally by a clinician treating patients for depression (98) . Since this keen observation, bupropion has been shown to be effective in numerous clinical trials as a smoking cessation agent, in particular in combination with nicotine replacement therapy (98) . Bupropion acts at norepinephrine and dopamine transporters, inhibiting reuptake of these neurotransmitters. In addition, it functions as an antagonist at α4β2 nicotinic receptors (99) . Recently, a study using a rodent model of nicotine dependence demonstrated decreases in physical signs associated with nicotine withdrawal following bupropion administration (100) .
Of the classical antidepressants, only desipramine (DMI), a tricyclic antidepressant, has shown promise in treating cocaine addiction. Past studies have reported decreases in cocaine intake in self-administering rats (101) and decreases in cocaine craving in humans following chronic DMI treatment (102) . However, a recent study in crack cocaine addicts demonstrated little to no efficacy of DMI treatment (103) . Currently, DMI is rarely used to treat cocaine addiction because other medications, such as modafinil, are showing more promise in clinical trials (98) . The exact mechanism of action of modafinil is not known, although it has been shown to inhibit the reuptake of dopamine and norepinephrine as well as to activate glutamate and inhibit GABA neurotransmission (104) . Of interest, other compounds that target the GABA system, in particular those that increase GABA activation, have been shown to be effective in treating cocaine craving and relapse (98) .
Lofexidine. The noradrenergic system has been implicated in stress-induced reinstatement of drug seeking. Lofexidine, an α2 adrenergic receptor agonist, reduces opioid withdrawal symptoms by decreasing noradrenergic outflow in the CNS (105) . Animal models have demonstrated that lofexidine attenuates footshock-induced reinstatement of drug seeking (106) , as administration of α2 adrenergic receptor agonists or selectively lesioning noradrenergic projections to forebrain areas effectively blocks stress-induced reinstatement in rats (106, 107) . Furthermore, local injections of noradrenergic antagonists into the BNST and central amygdala inhibited the ability of footshock to reinstate drug seeking (108) . In addition, a recent human study showed that a combination of lofexidine and naltrexone, a m opioid antagonist, substantially increased abstinence rates in current opiate users as well as decreasing stress-induced drug craving when compared with naltrexone alone (109) . Although lofexidine is approved for use in opioid withdrawal in the United Kingdom, more studies are needed to determine fully the role for lofexidine in stress-induced opiate relapse.
Additional medications. Several other medications have been approved for substance abuse, specifically for the treatment of alcoholism. Naltrexone decreases baseline drinking levels as well as alcohol craving and overall number of relapse episodes back into alcohol consumption (110) . However, naltrexone is not effective in blocking stress-induced reinstatement in animal models (111) , nor has it been effective in treating stress-induced drug craving in humans (112) . Acamprosate, a modulator of the N-methyl-D-aspartic acid receptor, is also approved to treat alcohol dependence. Used to prevent relapse back into alcoholism, it has been shown to reduce alcohol intake as well as craving (113) . In addition, acamprosate alleviates anxiety associated with alcohol withdrawal and increases alcohol abstinence (98) . However, little is know regarding the ability of acamprosate to block stressinduced relapse.
Conclusion
As has been hypothesized in humans, and now demonstrated convincingly in animal studies, stress is one of the key factors in facilitating reward associated with initial drug exposure. In addition, stress increases drug craving and relapse back into drug seeking. Studies have demonstrated a positive correlation of stress and drug craving in humans (114) , indicating an activation of reward pathways following exposure to a stressor (115) . A significant gap in our understanding of addiction is whether alterations in brain chemistry observed in chronic addicts is caused by environmental factors, such as physical or sexual abuse, which are known to lead to illicit drug use, or by the long-term drug use itself. Recently, it was demonstrated that humans with self-reported increased life stress display increased drug reward to an acute injection of amphetamine (116) , further supporting the hypothesis that exposure to a chronic stress environment increases the risk of developing addictive behavior. Furthermore, the high-stress group exhibited a decrease in dopamine release at baseline as well as in response to amphetamine (116) , indicating that this decreased dopamine response might constitute a vulnerability to addiction. In a monkey model of social hierarchy, the amount or availability of dopamine D2 receptors was increased in dominant monkeys, whereas no change was observed in subordinate cage mates (117) . Interestingly, cocaine was more reinforcing in the subordinate than in the dominant monkeys (117) , indicating that environmental modifications of the dopamine system may alter vulnerability to addiction. However, future studies examining the molecular targets and signaling pathways altered by chronic environmental, physical, and psychological stress and their effects on addictive behaviors need to be completed.
Although effective treatments for drug abuse involve both behavioral therapy and medication, the list of medications approved by the FDA for treatment of addiction is limited. Indeed, there are currently no approved medications for cocaine addiction. Furthermore, many of the treatments available are given when the addict is actively using the addictive substance. Current treatments for alcohol, nicotine, and opiate addiction are used to reduce or stop drug intake. For example, naltrexone decreases alcohol intake, allowing for a more productive lifestyle. Bupropion is prescribed in conjunction with nicotine replacement therapy when patients are still smoking. Very few treatments are prescribed during the withdrawal period, in particular to prevent relapse. Over the last 10-15 years, research into the effects of stress on the addiction cycle has identified both peripheral and central CRF systems as key players in linking stress and addiction. Although therapeutic drugs targeting this system are being examined for their treatment efficacy, additional research examining withdrawal and relapse, in particular stress-induced relapse, is needed to further determine putative therapeutic targets. 
